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Pharmacological Vitreolysis 



5 



Tedurical fidd 

This invention relates to a method of treating diseases of the eye or dysfunctions in tbd eye. It 
also involves enaqrme preparations for therapeutic adxmnistration to the eyes of humans or 

10 other mammals. SpedficaSy, this invention is directed to a method and composition i^ch 
involves stabilised microplamun (s-micro-Pm) and/or stabilised miniplasmin (s-nricro-Pm) 
nseful in the lique&ction of the vitreous, a normally dear jelly-like substance that fills the eye 
from the iris to the r^ina, and/or to disinsert the peripheral >dtreaus from the neurosoisoiy 
retina (phaxmacolo^cal vitrectomy). Vitrectomy involves the removal of the vitreous humor 

15 from the eye and possibly the replacement of the vitreous humor by a sterile isotonic sohiticm. 
Vitrectomy may be necessary to remove the vitreous in order to repoiution the retina and 
restore vision. Stabilised nucroplasmin or stabilised miniplasmin, delivered to the vitreous or to 
the vitreoretinal interface under stabilised form or after activatioxt, can be used to induce 
posterior vitreous detachment and to assist mechanical vitrectomy or vitreoretinal surgery and 

20 to decrease viscosity of the vitreous. 

Bacl^roajnd of the iaveAtion 

The vitreous is a clear, proteinaceous mass, which fills the posterior cavity of the eye between 
25 the lens and the retina. The vitreous is attached at its posterior &ce to the retina alontg the 
stmcture known as the internal limitmg moDbrane. This nte of attachment of the vitreous and 
the retina is termed the ^ntreoretinal jimcdon and consists of a layer of basement membrane 
proximal to the retina and a layer of coUagen fibrils proxhnal to the vitreous. It is well known 
that this vitreoretinal mter&ce pl^ important roles in developing vitreoretinal pathologies that 
30 can lead to partial or complete blindness exax^ples of which are retinal detachm«its» macular 
hole formation, macular traction syndromes including cystdid macular edema, and in 
retinopathy of prematurity. 
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nnflmfnutm rihnmefin m rtin rhr are a pirecuxsor to poswrior vitreous detodmoeot. 

Degeneration ef tiw vitrtous is part of the normal ageing process, but also may be induced by 
pathological conditions sudbi as diabetes. Bales' disease and uveitis (door, B, P,. "The 
Vitreous", in Adler's Physiology of the Eye, C. V. Mosby, St. Louis, Mo., 1987). Because the 
5 vitreous is attached to the retina, the receding vitreous can precipitate a retinal teax. 
subsequent detachment of the retina. 

Certain paJJiological conditions of the eye are accompanied by tije formation of new 
(abnormal) vessels on the suifeoe of the retina-namety proliferative diseases. Posterior 
10 vitreous traction plaoed on new vesseb causes rupture and bleeding. Proliferative retinal 
diseases tbcus are accompanied by both a high probability of retinal detachment as well as 
compHcations ftom bleeduig resulting from tiae rupture of the newly formed blood vessels. 

In the above metttiojMsd disorders, vitrectomy, involving the removal of the vitreous humor 
15 from the eye and possibly the replacement of the vitreous humor by a sterile isotonic solution, 
can be a sohition to restore or improve impaired vision. The impaired vision can be due to 
damaged transparency of the vitreous ^ch is susceptible to several afiBictions such infections, 
injuries. Weeding, particularly from diabetic retinopatiiy, blood vessels growing into the 
vitreous, again due to diabetes etc... or to retinal detachment, an occasion wherein the retina 
20 is pulled into the vitreous, due to disease in the vitreous, amatt tears m ti*e retina that allow 
Uquid to seep behind it and push it forward, or hflury to tiifi eye that simply breaks the retina 
loose. In such case vitrectomy may be neoeasaiy to remove the vitreous m order to replace the 
tedna and restore visioa Stabilised microplasmm or otiier stable snwOl molecular wdght 
protein compriang the catalytic domain of plasmin of present invention ma^ b© used under 
25 stabUised form or used after activation for pharmacological vitrectomy or to assist mechanical 
vitrectomy or vitreoretiual smg,&y. 

Initially vitreous detachment was carried out by surgery witiiout enzymatic aid. Such surgeries 
require a high level of skUl m the practitioner to avoid permanent damage to the retina^ and is 
30 occassionally accompanied by retinal tears, retbial detachment which may be compUcated by 
proliferative vitreo-retinqpathy. Each year, surgeons perform an estimated 200 000 
vitiectomieB in the Unites States and world-wide about 500 000 to correct devastating 
conditions induding retinal detachments, macular degenerations, and diabetic eye diseases. 
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Accordingly, it was a goal of ophtibahnologpists to develop an ^temative to surgical detachtttttt 
of the vitreous. Knowledge of the molecular components of the vitreous^ ttie vxtrecwctinal 
junction and the internal limiting membrane provided guideposts for the development of prior 
art for non-surgical methods of post^or vitreous detachment Enzymes are now conadcrcd 
5 for use eith» to induce Uque&ction of the vitreous or to weaken the adhe^on of the vitreous 
cortex. 



For ^^ample, U.S. Pat. No. 5,292,509, March 8, 1994, describes a method of detaching the 
10 vitreous body, the epiretinal membranes and/or fibrocellular membranes from the neural retina, 
ciliary epithelium and posterior lens surface of the mammalian eye, by iiyection of a protease- 
free glycosaminogiiycanase, preferably chondroitinase ABC, into the vitreous cavity to degrade 
chondroitin sulphate glycosaminoglycan/proteo^ycan, a component responsible for 
vitreorednal adhesion. Chondroitmase would permit cojooiJlete disinsertion of the vhrcoxis 
IS body and/or epiretinal membranes, A method is claimed for disinserting the ocular vitreous 
body, epirednal membranes or fibrocdllular membranes from the neural retina, dliaiy 
epithelium and posterior lens surface of the mammalian eye as an adjunct to vitrectomy which 
comprises administeriiig to said eye an cffectiYe amount of an enzyme vrbkAk diwupts or 
d^ades chondroititt sulfate proteoglycan localized spedflcalty to sitBS of vitreoretinal 
20 adheaon and thecreby permit complete disinsection of said ^treous body and/or epiretinal 
membranes. 



Other investigators have concentrated on the collagen conqponent of the vitreous on the 
ZS hypothesis that coUagen fibrils attach the vitreous to the retina. OVTeill and Shea (Canad. J. 
Ophtal. 8:366, 1973) described tibie use of bacterial coUagenase (12 \i^A O m&) injected 
directly into the vitreous and observed the effects on tibie fibrillar structure of the vitreous after 
6 to 17 days. The coUagenase injection resulted in disiuption of the fibrillar structure in the 
vitreous^ and the imemal limiting membrane, as vrell as disruption of the outer layers of the 
30 retina. To minimise the side effects of vitreous liquefaction and r^inal damage^ the authors 
suggested usbg larger doses of the bacterial coUagenase enzytm^ up to 5 mg, for 24 to 72 
hours. 
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Mborteaxl et al (1980) used N^ction of purified coUagenase (Clostridiopeptidaae A) for 
preretinal dcatridal. A 30 mbutes incubation in the rabbit eye did digest vitreal scar tissue 
while not altering the retina morphology. Ught and transmission electron microscopy were 
used to detennine efffects on ihe inner limHing membrane and retinal gan^ 

and to evaluate enzyme digestion of preietinal scarring. Removal of the iiy ected coUangenase 
by vitrectomy resulted in normal dcctroretinograiiis and retinal morphology 48 houW 

postoperatively Moorhead.-!^; et al Arch-Ophthalmol. 1980 Oct; 98(10): 1829-39. 

Moorhead was by our knowledge the first to propose that emymes like collagenase could 

represent a new approach to vitrectomy. 

Later. Mandl,^I (1982) used a bacterial collagenase (from aostridium histolylicumX a 
metalloprotcimsc capable of cleaving native coUagen types I. n, m. IV and V, as an adiunct 
in vitrectomy (Arzudmittdfoischung. m^; 32(1 Oa): 1381-4) and Moorhead et al. (1983) 
describes the enzyme-assisted vitrectomy with Clostridiopcptidase A. This bacterial 
collagenase caused e>ctensive digestion of scar tissue after incubation periods of 10, 15. and 30 
minutes without morphologic damage to cicatricial ceUuIar elements or to the inner limiting 
membrane of the retina. Hfe proposed the use of collagenase as an adjunct to vitrectoxny 
(Moorhead.-!^; et al., Arch-Opbthalmol. 1983 Feb; 101(2): 265-74). Lateron, Moorhead,-L- 
C and Radtke,^N.(l985) used Clostridiopeptidase A, in a clinical set up without side effects of 
lens opacity, lens dislocation, or retinal haemordiage to assist vitrectomy with membrane 
stripinng in patients with dense intravhreal fibroprolifcrative tissue assodated with 
retinopathy of prematurity^ dua>etio i^nopathy, or piolifcraJhw vitw 
L-C and Radtke>-N„ Retina. 1985 Spring-Summeri 5(2): 98-100). 

TezeU-T-H; et al. (1998) induced a posterior vitreous detachment (FVD) m porcine and human 
cadaver eyes in vitro by injecting into the vilieous cavity of enucleated pordne (0.05-25 UAnL) 
and human (5 U/mL) eyes of dispase, a baciUus-derived neutral metaUoprotease. They 
reported that dispase deaved the attadanent of the posterior hyaloid to the internal limiting 
membrane with minimal damage to the imier retina. Retina were seemingly on^ for dispaae- 
> treated and control eyes (Tezd,-T-H; ^ aL, Retma. 1998; 18(1): 7-15). Based on examplea 
with Dispase, Kaplan, Hemy J. and Tezel, Toi^alp H. (March 3. 1998, US5722428) describe 
a method for treating a subject to promote a posterior vitreous detachment comprising 
intredudng into a vitreous cavity of an eye of a subject in need of such treatment an enzyme 
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winch specifically deaves^^rpp IM^coMigm »nf1 fihmnprtinin jWijBOK^ ejBEectivc to promote a 
posterior vitreous detachment ..Smce dispase ^as proteolytic activiQr against type IV collagen, a 



concern that this agent might adversely afifect the ILL of the retina, vsdnch is actually the basal 
lamina of retinal MueU^ cells and is composed of type IV collagen dosely assodated with 
5 glycoprotdns. Yet, the histologic studies in pwdne and human cadaver c^s have 
demonstrated that the lamubna rara externa of the DLX was aflfected, with lesser effect on upon 
the lamina densa (Tezel TH ^ aL Retina 1998, IS; 17 - 25). 

Another enzymatic treatment of the eye was induction liquefaction of vitreous Imraor to 
10 prevent eye disorder in mammal - comprises contacting vitreous humor with hyahironidase to 
liquefy vitreous humor (Aragon G A C; et al Nov. 7, 2002 WO98S260^A). Hyaluronidase is 
not Hkdy to induce vitreoretinal separation, but is has been proposed for the dearance of 
Vitreous haemorrhage without vitrectomy. However in the phase III FDA admmistnttioa trial 
this drug waa not fi>und to be effective. 



"Note plasmin does appear to cause some limited ixdaaxraxMrtcwy response in humans. It is likdy 
that many of these compounds can. For phannacolo^c vitreolysis endogenoua human derived 
agmts without considerable mranmogenicty or antigenid^ or which will not conaiderahly 
modulate the immune effector mechanism n^ght be desirable to baoteiial proteases. Inxtnune 

20 activation in the ^ could promote the development of proliferative vitreoretinopathy (PVR) 
which could lead to a complex re-detadiment of the retina. PVR is one of the major adverse 
events in vitreo-retinal surgery. Furthermore, if a given substajoce was antigenic^ it would fimit 
its potential re-use in a given patient. Hrace, the compound could only be used in one eye, 
while many ocular processes are bilateral. Such endogenous protease is for instance human 

25 plasmin, a endogenous serine protease mediating fibrinolysis, which had be«i found to have 
properties to hydrolize a variety of glycoproteins, including laminin and fibronectin (Uotta LA^ 
et al. Cancer Res 1981; 41: 4629-4636 & van Setten G. B. et al Curr Eye Res 1989 Dec. 8 
(12): 1293-8), which are mqor adhesion glycoprotehis at the retinovitreous interface. 

30 Moreover, pksnun has a biochemical and biophysical relevance hi endogenous processes of the 
eye. It had for mstance been demonstrated, as early as 1980, that the plasminogen activator - 
plasmin systrai plays an endogenous role in the cornea of eyes (Borxiaan M et al, Inve$t- 
Ophthafanol-Vis-Sci. 1980 Oct; 19 (10); 1204 - 21). Moreover, Immonen I. L et 
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demonrtnited that active jAssam (1.0 to 15.2 n«erograms/rol) is present in swbretmal fluid m 
eyes with rhegmatogenous retinal detachraeut. Also, a plasminrinhibitor connpleat was 
demonstrated in some eyes, providing cvidei>oe of a physiological lOte of plasroin in the human 
eye. The plasmin system was BCtivated in eyes with retinal detachment (Iroraonen U. Acta 
S Ophthalmon988 Dec. 66 (6) 647 - 51 & Iminonen I. et al Curr Eye Res 1989 Mar, 8 (3): 249 
- 52). Van Setten et al. (1989) demonstrated, for instance, a role of eye tear fluid plasmin and 
plasminogen activator in eye tear fluid in corneal wound healing. Plasmin (Pm) is the natural 
enzyme that is specific to fibrin, and Urns can act to dissolve blood dots in vivo. Plasminogen 
(Pg) is an important compound of mamraaUan blood on activation by urokinase or 
10 streptokinase, the Pg molecule converts to a double chain form called plasmin (Pm). The 
stnicnire, modification, and method of fimctiomng of plasminogen/plasmim have been 
extensively smidied. Human plasminogen has been ftilly sequenced and the positions of the 
disulphide bonds established. (See Sottrup-Jensen et al. (1978), in Atlas of Protein Se«iuence 
and Structure, eds. DayhofF (National Biomedical Research Foundation, Silver Spring, MD), 
15 Vol 5, suppl. 3, p. 91.). Human Pg contains 790 amino acids in one polypeptide chain. On 
activation, the peptide bonds between ArgSiSO and Val561 and Lys76 and Ly977 are cleaved. 
As a consequence plasnnn (Lys77 -Pm) contains two polypeptides, a heavy A chain of 484 
amino acids connected by two disulphide bonds to a fight B chain of 230 amino adds. Native 
Pg can be recovered in two glycosylated forms, F-1 and F-2possesaag one or two 
20 glyoosylations, respectively...'' (Castellino (1981) (Chemical Reviews), 81:431, at 432-433). 
Ihe measured molecular wdght of human Pg is 92,000 to 94,000. Plasmin acts on Pg to deave 
76 residues between the 76 and 77 poshion lywnes. The trimmed molecule is known as Ly877 - 
Pg, or when activated as Lys77 -Pm. 

25 The above mentioned findings gave impetus to the development of plasmin as an agent to 
induce posterior vitreous detachment. Trese WBchael T. et al (1994) suggested teqxoviug the 
vitreous humor from an eye by introducing plasmin into the vitreous humor in order to induce 
posterior vitreous detachment. Thereafter, the vitreous should be removable by conventional 
methods and replaced by a sterile saline solution. Trese's disclosure, however, did not teach 

30 the procedures on the preparation of the plasmin composition. It merely an invitation to 
experiment, with no assurance of success and suggestion that iigection and removal of plasmin 
are necessary steps. It was stated that afthougb tiie predse amount of pbismin necessary to 
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bduce the posterior vitreous detachment is x»nknovim, it has been found to be between one unit 
and three units (Trese Michael T. et al. AprU 19, J994 US 5,304,1 18). 

By our knowledge it were Verstreatea T. C. et al. (1993), who demonstrated fiir the first time 
by experimentation that plasmin (1 XJ) mjected into the -vitreous of rabbit can induce posterior 
vitreous detachment, demonstrating that it is a useful biochemical adjunct to mechanical 
vhxectomy. Plasmin produced a cleavage at the vitroretinal interfece by hydrolysing 
^iycoproteans, induing laminitt and fibronectm, which are found at the vitreoretinal junction. 
By degrading these links between these components of the vitreoretinal interfece and the inner 
limiting membrane (ILM), therapeutic posterior vitreous detachment (PVD) had become 
possible. Plasmm treatment perfoimed with or without subsequent vitrectomy (Verstraetett et 
al. Ar«5h. Ophthahnol. 11:849 - 854, 1993). Gandoifer et al. (2001) demonstrated complete 
vitreoretinal separation by deavage between vitreous cortex and inner limiting membrane after 
injection of 2 U plasraiii in 0.1ml m post mortem pig eyes, the retinal morphology being intact 
but with ^arse coUagen fibrils covering the mner limiting merabiane. This was confinned on 
human cadaver eyes PlasDain (2 U/0.1 ml) mduced complete vitreoretinal separation witii 
sparse collagen fibrils covering the inner limiting membrane without morphologic alteration of 
the retina (Gandorfer et aL Am J Ophthalmol. 2002 Jan., 1333 (1) 156 - 9) or by Li Xiaoxin et 
al et al. 2002 who demonstrated that 3 U plasmin could seemingly induce conqiletc posterior 
vitreous detaKdunent by degradhig adhesion glycoprotwnB such fibrinectin (FN) and lamiiun 
(LN) (^ Xiaoxin et al Graefe's Arch CDn Exp. Ophthalmol 2002 Jan 240 (1) 56 - 62). 
However, so fer all dmical intervrations with plasroira to assist vitrectoniy and macular hdc 
closure could only be done with autologous plasmin enzyme (APE), said plasmin isolated firan 
the patient's own senim before use at surgery. Such APE generation constitutes several 
disadvantages. It is a laborious and costly method that has to be carried out in specialised 
coagulation laboratories and on the salte of the txeatraeot. The use of an external or 
heterologous source of small molecules compriang the catalytic domain of plasmm 
(LMWFP's) such as recombinant micro-Pin or recombinant nuni-Pm can thus reduce treatment 
time of patients, e)q>aise and patient/medical staflf inconvenience. Successful dmical use of 
autologous plasmin en^e (APE) to fiuaUtate the fbrmadon of posterior vitreous detachment 
hasbeendemoDStratedbyChoWpDJl et al 1999 and for r dosure of stage 3 macular holes by 
Tiese T. et al., 1999 (Chow, D.R. et al Retina No. 5 1999 p 405 - 9 & Trese T. et al., 1999. 
Annual Meetiqg of the Assodation for Research in Vision and Opfathahnology Fort 
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Launderdak aOVS), Florida, May 9 - 14, 199S^^ ^ i ic > Jw hak riBoi i TW rm i M atti i n ^ d in . ^ 
patients tnated with 0.4 lU of APE (Trese et d. Opthhalmftlogy 2000 Aug. 107 (8)). APE 
has also beea tested in patiorts as an adjunct to vitreous surgery in eyes with advanced diabetic 
retinopathy (WiUiams, J.G. Ophthalmology Vol 108. No 10, 2001 Oct.. 1607 - 11.)- 

s 

Another drawback to treatmcsnt of eye disoniers by plasnun (Pm) ia its large molecular weight. 
The measured molecular weight of Pm ia from 65,000 to 83,000. The difiEusion m the vitreous 
and towards the vitreoretinal imer&ce of such large molecules b hmdered. Sinaner molecules 
stiU conqjrising the catalytic activity of plasmin are thus desirable fbr the treatment ofdweases 

10 or dysfimctions in the eye. Moreover, plasmin is a serine protease with broad spcdfidty. APE 
of the prior art, APE, beside bdng only derivable froin plasma or scnim of the patient to treat, 
is highly prone to degradation and can thus not be stored for prolonged periods prior to use. 
This is a serious limitation for clinical use, challenging a safe and standardised treatment of eye 
disorders. Stabilised, low molecular weight molecules with the catalytic domain of plasmm 

15 LMVVPP*8 are a solution to tWs problem. 

Present invention involves the use small molecule or low molecular weight molecules 
comprising the catalytic domain of pksmin LMWPP-s, which are not necessarily autologous 
and may be obtainable by recomMnant production such as mmiplasmin (mini-Pm) or 
20 microplasmin (micro-Pm), and preferably stabiHsed miniplasmhi (s-mini-Pm) or microplasmin 
(s-miCTo-Pm) to treat eye disorfeia such as proliferative diabetic retinopailqr, age-ieteted 
macular degeneration, amblyopia, retinitiB pigmentosa, macwlar holes, macular exudates, 
cystoid macular oedema in a subject in need thereoJ^ by a method comprising administering to 
said subjea a miniplaamin or a microplasmm m an amount sumdent to pfweot, inhibit or 
25 remove the pathological eye condWon or sequelae ttf the pathological eye condition. It flirther 
involves phannacological vitrectomy by non autologous or recombinant stabilised miniplasmiii 
(s-mini-Pm) or stabilised microplasmitt (s-micro-Pm) without removal of said mini-Pm or said 
micro-Pm from the eye The mini-or microplasrain, preferably stabilised mini-or raicroplastnin. 
can be delivered by intravitxeous injection or by ocular administraiion. At least the rec<»»bin»«t 
30 mdcro-Pm of present invention has been demonstrated to be eflfective in inducing posterior 
vitreous dctachmesnt or separation of retina and vitreous at the vitxeoretiiifll interface and to be 
a means to micfo- and ultrastructtiral change of the vitreous. The fibriflar structure is modified 
to a more amorphous, ground glass consistency, with lower viscosity, which demonstrates 
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Equefkction of the vitireous body. Sinwltaneous Hqueficadon and vitreoretinal dehiscence 
without causing toxic damage to the eye, as has been demonstrated by recombinant 
raicroplasmin, is a combined feature that is important ftw successful treataient of eye anomalies 
such as vitreo-papUlopathies, vitreomaculopa^es and peripheral retinal traction. Liquificaiion 
5 of the vitreous gel and vitreoretinal dehiscence, vnthout usijoig combinational therapy (e.g. 
treatment of hyahironidase and dispase) may be an advantage. 

Sudi small molecule or low molecular weight molecules comprising the catalytic domain of 
plasmin LMWPP's may be a microplasmin (micro-Pm), having molecular weights as 

10 determined by gel electrophoresis of about 26500 Da m reduced form and 29000 Da in non- 
reduced form Qn the range of 26000 to 29000 Da) and being obtainable by autolytic reaction 
of plasmin and plasminogen, which reaction is promoted by high alkaline pHs or other reaction 
methods as described by Hua-Lin Wu and Gucy-Yueh Shi, Sept 27. 1988 US4774087. The 
calculated molecular weights from the known ammo acid sequence of human Lys530 -Pm is 

15 28,635, and of Lai53 1 -Pm was 28,507, thus in the range of 28000 Da to 29000 Da (Hua-Lin 
Wu and Guey-Yueh Shi, Sept 27, 1988 US4774087). ]Vficro.Pm or Mini-Pm with molecular 
weight consideraWy less than plasmin can be obtamable by activation of nncroplasminogen or 
miniplasnunogen by a plasnunmogen activator such as streptokinase or staph^doldnase. 
Nfiniplasminogen is a derivative of plasminogen laddng the first ftmr kringjes, while 

20 microplasminogen is a derivative of plasminogen lacking the five kringles; both mioroplasmin 
and miniplasmin may be prepared by digestion of plasminogen with elastase axxd are fiiDy 
actJvatable to microplasmin or mimplasmin, respecttvdy. IVfiniplaamin has a molecular weight 
of 38000 Da and contains over 1 00 amino adds of the A chain including the fiftti kringle 
structure. Mini-Pm and micro-Pm is also obtainable from recombinant produced 

25 miniplasminogen or microplasmin as described by Collen et al, June 2002 WO0250290, 

Stabilised microplasmin or stabilised mimplasmin can be obtained by capturing subtanially pure 
microplasmin or miniplasmin in a buffered acidic water (or additional stabiUsers) said 
microplaronn or xninlplasmin obtainable from a recombinant production fM-ocess as for 
30 mstance described in CoUen et al WO0250290 or produced by an autolytic action of plasmin 
and plasminogen at high pH or other mzyjnatic cleavage methods as for instance described by 
Wu et al» US4,774,087. The activated proteins obtainable from miaroplasmmogen or 
nuniplasmmogen, scud miCToplasamn or miniplasnun. can be stabflised by means of a staWlising 
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agent preferably agents such as agemt comprises an ammo-acid s riBrt a rt i ftom^^to f group 
confflstiijg of iysine, 6-ammo hexanoic add and trauewiumc add or by a stabilismg medium 
preferably a stabUisbg medium such as an acid solution or an add buflfer such as an add citrate 
buffer for example with a pH of about 3 39. Such stabiUscd miniplasmin or roicroplaanin may 
further be processed by lyophilizarion. However the man skilled in the art has several 
stabUisation agents and media available to sUbiUse said micro- or miniplasmin. It might 
comprise use of a low pH buffer selected from acetic add, dtric add, hydroddoric add, 
carboxyUc add, lactic acid, maUc acid, tartaric add, benzoic add, serine, threomne, 
methionine, glutainine, alanine, glycine, isoleudne, valine, alanine, aspailic add, derivatives or 
combinarions thereof Such buffer may contain further stabilisers such as a polyhydric alcohol, 
phannaoeutically acceptable cari)ohydrBtes, salts, ghicosamine, thiamine, niacinamide, or 
combinations thereof The stabilising salts can be selected from the group conasting of sodium 
chlojcide, potassium chloride, magnesium chloride, caldum chloride and combinations thereof 
Sugars or sugar alcohote may also be added, such as ghicose. inaltose. mannhol, sori>itol, 
15 suiarose, lactose, trehalose, and comibinations thereof. 

nxUSTRATIVE EMBODIMENT OF THE IhTVENTION 

20 The following detailed description and the accompanying examples arc provided fior purpose of 
describing and explaining certain preferred embodiments of the invention only, and are not 
intended to limit the scope of the invention in any way. 

In human brings, the anatomy of the eye indudes a 'Mtreoua body" whidi occupies 
a?>proximatcly four fifths of the cavity of the eyeball, behmd the lens. The vitreous body is 
formed of gelatinous material, known as the vitreous humor. Typically, the vitreous humor of a 
normal human eye contains approximately 99% water along with 1% roacromolecules 
mchiding: collagen, hyahironic add, soluble glycoprotdns, sugars and other low molecular 
weight metabolites. The redna is essentially a layer of nervous tissue formed on the inner 
30 posterior surface of the eyeball. The retina lies on a retinal pigment epithelhim under which a 
highly vascularized stmcture can be found called the choroid. The retina mi^r be divided into 
an optic portion whidi participates in the visual mechanism, and a non-optic portion wWdi 
does not partidpate in the visual medianiam. The optic portion of the retina contains Ihe rods 
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and cones» which are effectual oigans of viacm. A number of art^es and vans «iter<llieifetima . 



at its carter, and splay outwardly to provide Wood drculaidoo to the rettna. Th» posterior 
portion of the vitreous body is in direct contact with the retina. Networks of fibrillar stranda 
extead from the retina and permeate or insert into the vitreous body so aa to attach the vitreous 
5 body to the retina. 

The preferred route of administration of said low molecular weight protein with catalytic 
plaamin domain (LMWPP), prdterably said nuni-Pm or iiiicro-l»m is by intraocular injection 
direct!^ mto Ao vitreous body. The iioijecticwi can be perfbnned according to procedures 
10 standard in the art. Akematively, however, the low molecular weight molecules with catalytic 
plasmin domain of the present invention daay be administered by any other suitable route of 
adniimstralion (e.g., topically) wiridi resuks in sufficiaot distribution of the enzymB(s) to the 
vitreous body to cause the liquefication and vitreoretinal ddbdscence efiS»et. 

15 The prefeiTBd injectable solution may contain, a micro-plasmin or other small mdecular weight 
molecules with a catal^c plasmin domain to be administered intravitrea^ at doses selected 
ftom the range of 0,01 mg to 0.2 mg per ^ and selected from a dcliveiy vohmie range of 
0.05 ml to 0.3 ml pear ciye and preferably about 0,125 mg in 0.1 ml per eye, along inactive 
jogredientB which cause the solution to be substantially isotonic, and of a pH which is suitable 

20 for isgection into the eye. 

Such solution for mjection may initially have a pH suitable to stabilise the micro-plasmin or 
other small molecular weight proteins with a catalytic plasnain domain or may be lyophilizBd to 
a dry state and, thereafter, may be reconstituted prior to use. These formulation ingredients can 

25 inhially be dissolved in sterile wat^, sterile filtered and subsequentty lyopMlized to a dry 
composition. The lyopWlized composition can be packaged for subsequent reconstitution prior 
to use, m a suitable solvent such as sterile isotonic saline sohition or balanced salt solution. 
Such balanced salt sohition typically contains: 0.64% sodium dhloride, 0.075% potaswum 
chloride, 0.048% caldum chloride ddbydrat^ 0.03% magneaum dbJoride hexahydntte, 0.39% 

30 sodium acetate trihydrate, 0.17% sodium citrate dihydrate, sodium Iqrdride/hydrochloric acid 
to adjust the pH, and as much water (q,s.) as necessary to bring the sotutioa to the final 
volume for ijqection. 
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The invention concerns a method for production of a posterior vitreous detachment (PVD) and 
modification of the vitreous structure by introducing into the eye of a subject an cfFedivc 
amount of a LMWPP, preferably non autologous LMWPP» and yet more pi«fcraMy a 
recombinant LMWPP, most preferably the IMWFP being a miuiplaamin or a microplasniin. 
5 The promotion of PVD and structural modification of vitKWus by such enzymatic method 
aUows a physician to induce efficient phannacolosical vitrectomy treating an intraocular 
condition, and to avoid compUcations such as retinal tear or retinal detachment which 
frequently result as a consequence of said intraocular condition, as weU as a complication of 
surreal vitrectomy performed to treat said conditioa 

LO 

Since the LMWPP of present inventton can be stabiHsed prior to use and is obtainable as a 
substantially pure molecule from a large production batch, they arc devoid of the problems of 
collecting and preparing autologous plasnan per patient. LMWPP's can be produced in large 
batches of uni&om activity. Consequenfly LMWEP's in contrast to autologous plasmin are 

15 suitable for produdng a standardised dosage fonn Cm MS P« eye). They 

and safer patient treatment protocols resulting into controllable procedure, the control 
depending less on the skiU of the individual practitionerB. Sudi standardised protocob are 
required for drug registration by responsible authorities such as FDA and EMEA, allowing 
more controUable drug packa^ and storage, eventually according to the good manuftctuimg 

20 practice for subsequent reoonstitution prior to use accordfaw the instructions of an approvable 
Standardised Ins^. 

Enzymatic induction of a posterior vitreous detachment and induced liquifioation and/or 
decreasing viscosity of the vitreous by one agent, said low molecular weight micro-Pm or raini- 
25 Pm according to the invention, also has the advantage of obtaining efficient liquefication and 
vitreoretinal dehiscence* without using mixtures if viUeous fiquiftrag agents and vitreous 
detach^nent agents. 

In preferred embodiments, the LMWPP of present invention is mini-Pni. preferably 
30 recombinant nrini-PM and most preferably a stabiUsed recombinant mini-PM. In yet another 
prefened embodiment of present invention the UMWPP of present invention is micro-Pm, 
preferably recombinant micro-FM and moat preferably a stabilised recombinant nricro^PM. 
However, any other low molecular protein comprising the catalytic domam of plasmin at a 
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dose efiFective to induce posterior vitreous detadbraeDt and ultxastructural modinLaliuw-W*'* ■ 
vitreous, prrforabty said protein being a recotobinant protein and most preferably » stabilised 
recombinant protein -with said catalytic plasnun domain. 

The LMWPP can be suspended in any ophthalmologically acceptable carrier for introdudng 
5 proteins into the eye of a subject An ophthalmologically acceptable carrier is a substance 
which is nontoxic to the subject ©wen the treatment and v/hiQh also does not inhibit catalytic 
plasmin activity. Such ophthahnologically acceptable carrier is preferably a sterile diluent 
having a pH and osmolarity ooni^atible ynth nonnal bwman vitreous. 

10 The invention permits use of LMWtFs. preferably micro-PM, in connection with any 
itttfaoctdar surgery in which production of a PVD and/or vitreous liquefection is beneficial to a 
subject. As used herein, "mtraocular sufgery" means surgery within the eye and encompasses 
surgeries for many different conditions. Intraocular surgericB in which the invention can be 
used include vitrectomy for macular hole surgery, macular pudcer, vitrectomy for iMxdiferBtivc 

15 vascular retinopathies, repair of a retinal detachment, prevention of a retinal detachment, 
subietinal surgery, subnmcular surgery and retinal transplantation. Other faitraocular surgeries 
to which the invention is applicable will be known to Uxose of skill in the art. 

The invention can also be used for non-surgical treatment of compiicationa asaodated with 
20 certain conditions of the eye. Conditions treatable by the invention include those conditions in 
which a retinal tear or a partial or complete retinal detachment can occur if le*t untreated. Such 
conditions inchide diabetic retinopathy, central vein occlusion, proliferative vitreal retinopathy 
and proliferative vascular retinopathy, and conditions leading to intraocular hemorihagc. Other 
conditions to which the invention is applicable vwll be known to those of skill in the art. 

As used herein, an efifective amount of a LMWPP is a dosage large ffliough to produce a PVD 
and/or decreased viscoaly of the vitreous in a subject to which the LMWPP is adnunistered. 
Generally, an effective amount the IMWPP can vary with the subject's age and condition, as 
well as the extent of the condition bdqg treated, and can be determined by one of skill in the 
30 art The dosage can be adjusted by the individual practitioner in the event of any complication. 

The activ© LMWPP of the present invoidon can include an ophthamoIogicaUy acceptable 
earner, as defined above, whidi carrier is suitable for administration to a human or other 
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iuiiiml. The term "camerMOTOtes im organic or ii^^ 

which the active ingredient is combined to fiwDitste the appKoation. Ophthahnologically 
acceptable compositions can routinely contain aalts, buffering agents, preservatives, compatible 
caniers, and optionally other therapeutic ingredients. When used in ophthahnology, the salts 
5 should be ophthalmologically acceptable, but nonophthahnologicany acceptable salts can be 
conveniently used to prepare ophthahnologically acceptable salts thereof and are not exdudcd 
from the scope of the invention. Such ophtharaologically acceptable salts inriude. but are not 
Ifattted to those derived from inorganic adds such as hydrochloric, hydrobromic, sulfiaic, 
sulfemic, phosphoric nitric and the Uke; and the salts prepared from organic adds such as 
10 acetic, propionic sacddc, glycoUc, stearic, lactic, maleic, tartaric, dtric, ascorbic, pamwc, 
maldc*. hydxoxynwleic. phenylacetic, glutamic, benzoic, salicylic, sulfaniUc, 2-acetoxybenzoic. 
fuinaric toluenesulfomc, methanesulfonic, ethane disulfonic, oxaUc, isethionic. formic, 
malonkl naphthalene-2-8ulfomc, benzenesulfonic and the like. Also, ophthahnolo^cally 
acceptable salts can be prepared as aJkaBne metal or alkaline earth salts, such as sodium, 
13 potasshim or calcwm salts of the caAo«yHo add group. The components of the 
ophthaknological con^joations are also capable of being ooxnmingled with the molecules of the 
present invention, and with each other fa a maimer such that there is no interaction whi«sh 
would substantially impair the desired pharmaoeutioal afifoct. 

20 A variety of admmistration routes for the LMWPP's are available. The particular mode 
selected wiU depend of course, upon the particukr subject, the severhy of the conditian being 
treated and the dosage required for therapeutic eflScacy. The methods of this invention, 
generally speaking, can be practiced using any mode of admimstration that is 
ophthalmoloBically acceptable, meaning any mode that produces effective tevels of the active 

25 compounds without causing dinically unacceptable adverse affects. Preferably the mode of 
admimstration is iiqection. 

The composhfons containing the LMWPP can be prepared by any of the methods well known 
in the art of pharmaceutical industry according to the rules of Good Manufecturing Practice of 
product generation with for instance consristency runs, batch processing and storage and Good 
30 Mannfiicturing Practice packagmg and with an mseit teaching the medical practitioner in order 
to obtam a product suitable for over the counter sales and for in hospital phannacies. 
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The LMWPP of tiie present invention can be in a bottle in an amount eflfective to promote a 
posterior vhreous detachment and njtrastructiiral modification of the vitreous when 



administered by an individual practitioner to a vitreous cavity of an eye. Preferably the 
LMWPP contained in the bottle is stabilised recombinant raicro-Pra, preferably stabilised by 

3 manitol and citric add and preferably lyophilised. The bottle can be formed of any material 
which does not mhibit the activity of the LMWPP contained therdn. For example, the bottle 
can be made of glass or plastic. The bottle can have a piercable septum through whkh the 
active composition can be removed. In use, the septum of the bottle is pierced by the needle of 
a syringe, the LMWPP in ophthalmologically acceptable carrier solution is removed by syringe 

10 from the bottle and mjected into the eye. The bottle preferably contains LMWPP at a 
concentratioxi between about O.S mg / ml to 2 mg / ml and more preferably it will contain a 
lyophylised LMWPP, yet more preferably 1 mg or 5 mg per vial for reconstitution by a suitable 
medium sudbi as balanced salt solution (e.g. BSS+> 

15 SUMMARY OF THE INVENTION 

Present invention involves the use of a LMWPP, preferably a stabiKsed LMWPP, more 
preferably a stabiUsed miniplasmin, and most preferably a stabilised recombinant microplasmin, 
to treat an eye disorder by inducing PVD and deo-eased viscosity of the vitreous. 



Preferably the method of stabilised miniplasmin (sHoaini-Pm) or stabilised nuoroplasmin (s- 



limrted to proliferative diabetic retinopathy, age-related macular degeneration^ amblyopia, 
retinitis pigmentosa, macular holes, macular exudates, cyatoid macular oedema, thi<^ened 

25 hyaloid, retinopathy of pranaturity in a subject in need thereof^ by a method compriwng 
adininistering to said subject a mmiplasnrin or a microplasmin in an amount suflScient to 
prevent, inhibit or remove said pathological eye condition or prevent, inhibit or remove 
sequdae of said pathological eye oonditian, The stabilised mini-Pm or micro-Pm may 
eventually be actWated juts prior to the treatment or readily be administrated in a stab'dising 

30 bufiEbr with low buffering capadty. 

EXAMPLES 
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ir^anrinli. 1 ^^jlfenei-fll autt^Hah and metfaods 

General preparaKary methods qfmicroplasnmx 

5 RecomKnant lumian nucroplasi^ P/cAio^fortorij system as described in CoUen 

et al, June 2002 ^^00250290 was used . This imcroplasmia, in contrast to autologous enzymes 
derived fi-om the to be treated patient, provides consistenoy in activity and can be dosed in 
weight rather than units of activity. The fecombinant mtcroplaaimn was stabilised as in Collen 
et al, June 2002 WO0250290, and lyophilised 1 mg or 5 mg per glass vials. ReconstituliOtt 

10 could be done by adding 7 BSS+ (Baxter) to obtain a. final pH between 6»4 to 7,4. 

F^xamnlii 2 Ngy fixation method 

This experiment was carried out to establish a fixation technique reliable to investigate the 
15 effect of media and agents on posterior vitreous detachment in normal pordne eye. The efGsct 
of time on normal pordne eyes -was studied. 

The eyes were obtained fresh ftom steughtethouse and cither immediately processed or 
allowed to sit at loom temperature for up to 6 hours. Consequently the eyes are fixed in 
20 Peter's solution at 0*^ to stop the eawymaUc reaction. Ckwuea removed to fiuaKtat© fixation. 
Slow d^iydration. 

With up to 6 hours, no significant change in the uttrastiucture of the retina, and vitreous 
remains attached to the retinal sur&ce. This current methodology provides thus non-traumatic 
25 fixation and preparation of eye tissue and mioinus^ possibiUly that sampUng aitefeot causes 
separation of vitreous from retinal sur&ce. "Whole retinal sur&ce from the optic nerve to the 
p^phscy can be studied. 

Fxamnle 3 ; Porcine eves at various concent rations at 24 degrees 
30 Freshly slaughtered pigs eyes were injected in the vitreous body \wth increasing doses of 
microplasmin starting with 0.0625 mg up to 0.39 mg m 0.1 ml CBSS+) pH rattge was 7.92 at 
0.0625 mg up to 6.S2 for 0.390 mg 
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On gross Instology, at the higher dose of 0.39 mg microplasmin the retimil inteifiice had a 
whitish appearance. On electron njiarosoopy, there are multiple smaD elevations in the retinal 
structure which suggest localised retinal detachments. Lower doses demonstrate no ocular or 
retinal toadty. 

3 

'RxHtn ple 4 : CompyT'S"" betw e en tnicro-Pm and nlacebo treatment m time cqur?ie . 
HwB experiment was carried out on freshly enucleated pig eyes with immediate injection at 
room temperature (24*C). To determine ability of microplasmin to detach the vitreous, eyes 
10 were iBjected with 0. 125 mg in 0. 1 nd in the vitreous bo<fy. The buffiar was BSS+ 

Detachment of vitreous was visible from about 60 minutes onwards. It was particularly 
present at 120 mimites in ail sections of the retina except next to the ora setrata. On dectron 
microscopy not only was the vitreous separated from the retina suifiu*, but also the structure 
15 of the vitreous was changed with less fibrillary structure present. Retinal structure is 
unchanged. There was no sign of autolysis. Vacuolation of cells is often seen as an early sign 
of Butolyals. This was not present 

It can thus be concluded that microplasmin b capable at a dose of 0.125 mgM to cause a 
separation of the vitreous base (posterior hyak«d) or posterior \dtreous detachement (PVD) 
20 with a dean retinal surfece up to the ora. This at room tai^erature appears around 60 minutes 
and is complete around 120 minutes. 

niTUMion on the examples 2 to 4 

25 In experimental use, microplasroin demonstrated to have a "safe" range of at least 0.06 to 0.2 
mg if microplasmin in which it provides consistent separation of the posterior hyaloid without 
indudng uhrastructural changes in the retina (no structural toxicity). The posterior hyaloid 
separadoD is not only at the optic nerve but also aH the way to the vitreous base, and leaves a 
dear smooth retinal surfece on which no collagen fibers can be recognised. This has been 

30 cvdnated at high dectron-nricioscopic (EM) scanning (12000xX a magnification high enough 
to exclude like possibility of undetected fibers. 
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At the vitreous base, the vitreous demonstrated to be relatively intact; Collagen fibers are 
present, but at low jnagoiecation. some areas appear devoid of vitreous at the very base of the 
ora serrata (normally a zone «?rt«o.diiog from the peripheral retina onto the ora is considered the 
vitteous base and provides strong adheaon to the vitreous put this parenthctioal definition m at 
the first mention of ora serrata). Thus, it appears possfcle that the adhewon of the vitreous to 
the ora is somewhat weaker wfth microplasniin than with plasmin or other vitreolytic agents 
we may not want to make such a statement, since we have not compared plasnran/nricroplasmin 
jGrom a dose-re^onse standpoint. 

We also examined other ocular stmctures with the electron microscope. Udng *.e dose of 
0.125 ins/OA ml, we did not find toxicity to the retina as indicated above. Furthermore, the 
dfiary processes supporting the lens appeared to be normal. 

Uterastnictural studies suggest that raiaroplasnrin leads to a structural change in the vitreous. 
The fibrillar structure is modified to a more amorphous, ground glass consistency, which may 
indicate Uque&ction of the vitreous body. On fresh pathological ejcaroination, the vitreous 
does appear more liquid, but the vitreous still retains some structure. This will lead to an easier 
removal using a vitreous cutter and the fedlitation of elimination of mtraocular blood- 

TTygmplft S • Vitreorf fff ^l morpbnInBy aases t tment of microplasmin treated hUffiffiP POSt-mOltm 
eve 

It was auned to demonstrate the efficacy of microplaamin in inducing vitreoretinal separation , 
following microplasmin-induced posterior vitreous detachment. 

Methods: A vohune of 0.2 ml microplasmra was injected into the vitreous cavity of 13 human 
post-mortem eyes. The 13 fellow eyes received balanced salt solution (BSS) and served as 
controls. 1.25 mg of microplasmin was dfluted with 4 ml (2 ml, or 1.5 ml) of BSS-PLUS to 
achieve a final concentration of 0.3 125 mg/ml (0.625 mg/ml, or 0.9375 mg/nd)- A total vohune 
of 0.2 ml of these solutions was injected into the vitreous cavity, resuhing m a final dose of 
0.0625 WE (0.125 ttkg, or 0.188 mg) of microplasmin within the eye. 
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fntmvitreal im f^m tniamplasmiii: A doSe of 0.0625 lOg nftiCTOplasrain (pH 7.4) WW 
ktjected into the vitreous cavity of two eyes. 0. 125 mg irawoplasnim (pH 7.2) was ipjeaed into 
the vitreous cavity of 5 eyes. 0.188 mg (pH 7.2) was adidnisteied in 2 q?es. After incubation 
at 37X for 30 minutes, the globes were placed in fixative and heoaisected. Retinal specwnens 
were obtained from the posterior pole, and were investigated using scanning and transanission 
electron microscopy. 

0.125 mg microplasmin resuhed in complete vitreoretinal separation, cotisistent with a bare 
inner fimiting membrane. Only sparse coBlagrai fibrils covered the inner Jimiting membrane. 
Regarding the uhrastructure of the vitreoretinal iixteiriEace^ 0. 188 rag micropUsroin did not show 
any differences compared to 0.12S mg microplasmin. 

Following treatment with 0,0625 mg microplasmin, scanmoe electron microscopy revealed a 
posterior vitreous detachment with collagen fibrils covering the inner limiting membrane. 



15 

The retinal morpholep of all microplaMnin-treated eyes vras undianged. The uhrastructure of 
the inner limiting membrane was vreU preserved. There was no difference between 
Diicroplasmin-treated eyes and controls. 

20 It was found that all control eyes showed an attached cortical vitreous. Scannng electron 

microscopy demonstrated perwstent cortical vitreous covCTing die inner limiting membrane. All 
micxoplasmin-treated eyes showed posterior vitreous detachment. 

It can be conduded that microplasmin induces a cleavage between the vitreous cortex and the 
25 inner limiting membrane without morphological alterations of the retina 0.125 mg of 
microplasmm is suflSdent to induce complete vitxeoretuwl separation which is consistent with a 
bare inner limiting membrane vvithout persistent cortical vitreous. 
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Table 1 



Dose 


No of eyes 


Controls 


ResiiltB treated eyes 


Controls 


0.0625 


2 


2 


PYD, collagen fibrils 


No PVD 


0.125 


5 


5 


PVD, bare ILM 


No PVD 
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PVD, bareILM 



NoPVD 



FIGURES AND DRAWINGS TO THE APPLICATION 



5 Fig. 1 a & b 

la Retinal surface of placabo treated eye 

lb Retinal suifece of the eye treated with 0.125 mg microplasnrai 

Human post-moijem study- looking strait oa to the retinal surface (Figure la showing not » 
dean sui&ce which is a placebo eye, and fig lb showing a beautifiiUy clean retinal suiface in 
10 eye given 0ricroplasaunO.125ing). 

Fig.2 

Figure 2 is the control ahowing ^ »»d periphery where a structure of fibriEar fibers are seen 
15 at ISOOx and 12000X. The fibrillar structure of the vitreous is clearly visible in both. The lower 
shows you how the vitreous after dehydration collapses on the rednal surfece 



Fis.3 

Figure 3 shows retma m the nrid periphery in a zone where the vitreous is rerooved the picture 
is at 3600X, dwre is only a very spares network of fibers on an otherwise smooth retinal 
surfiice. The other picture is taken of vitreous which was present in anoOiBr zone on the retinal 
surfece (possibly by simple apposition). Here a coarse granular stnicha* is visible. 



25 Fig. 4 

Figure 4 shows the retina structures after exposure for 120 minutes to microplaarain. The 
ultrastmcture is intact showing no significant vaculolation. In the second image, the retina 
surface also appears very smooth. 

30 

Fig-S 
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Figure 5 is a low mag image of the era showing the dliaiy processes, and what appears to be 
jkiriy adhermt vitreous, at least along the pars plan. Vitreous is also partially adhorat inthe 
zone N P closer to the ora serata. The following image shows zone N where again the vitreous 
has been largely lost from the retinal surftce. 

Fig. 6 

Figure 6 shows the zone P at different magnifications In this location, the fibrillar structure of 
the vitreous is not evident though it still appea^ to be attached to the underlying layers. 

F18.7 

Figure 7 shows in the top Irfk panel a low magmficatiDn image of raid peripheral retina aflar 
slow ddbydration of a prodne eye treated with niicroplaninn (doese 0.125 mgif*p(»l for 120 
minutes). Most of the retinal surfece ia free of vitreous as shown in the other pancOs. In the 
center of this image, there is a vitreous strand present. We cannot say anything about its 
attachments at this magnification. It is likely that this vitreous is just collapsed vitreous content 
onto the retinal sur&ce. 

Panel B djows at 800 X an area of hare retina adiacent to a vessel. Few oelis are sera on tiie 
retinal sur&ce. The irregular surface overlies the vessd itadf. 

Panel C and D are magnifications of the retinal area in B showing a smooth retinal sur&ce 
largely devoid of vitreous or cellular material. At 3600x only a few fibrillar strands axe visible. 

Panel H essentially shows the same findings at a more central retinal location, while panel G 
shows the coarse granular structure of the vitreous which has lost its fibrillar structure. This 
vitreous is inherently very difiEerent in 9p^w:mfx to that seen in control animals. 

Big.* 

Ciliaty processes which are intact after 120 muiute treatment with mk^oplasnain 
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CLAIMS 

1. A use of a lAWPP for Ihe manufacture of a drug to treat dyrfLmctions in the eye of a 
subject. 

2 A use of a LMWPP for the mattufecture of a medicament to treat or cure a disorder of the 
eye of a sulqect. 

3. A use of a LMVWP for the manuacture of a medicament to prevent that a sulqcot 

dev^ops a visual impaimxenL 

4. A use of a LMWPP for the mamifecture of a medicameat to induce a cleavage between the 
vitreous cortex and the iimer limiting mcmbranB without morphological alterations of the 
retina of an eye of a subject. 

5 A use of a LMWPP for the manufiicture of a medioament to induce vHreoretinal ddnscence 
in the eye of a subject in need thereof 

6. A use of a LMWPP for the manufacture of a medicament to induce vitrcoretinal dehiscence 
and decrease viscosity of the vitreous in the eye of a subject m need thereoC 

7. A use of a LMWPP for the manu&cture of a medicament to facilitate the dissolution of 
intraocular blood. 

8. A use of a LMWPP for the maoufecture of a medicament to treat or prevent sequelae of 
20 the eye. 

9. The use of the LMWPP of any of the claims 1 to 8, wherem said LMWPP has a molecular 

between 10 000 and 40 000 dakon. 

10. The use of the LMWPP of any of the claims 1 to 8, wherein said LMWPP has a molecular 

betweoi 20 000 and 32 000 dahoa 
25 11. The use of the LMWPP of any of the claima 1 to 8, wherein said LMWPP has a molecular 
wedght of about 26 500 dalton in reduced form or of about 29 000 m noa reduced form as 
dcteiminBd by a electrophoresa*. 

12. The use of the LMWPP of any of the claims 1 to 8, wherdm said LMWPP b mini pl rts m in 

13. The use of the LMWPP of any of the claims 1 to 8. wherein said LMWPP is stabilised 
30 mimplasnua 

14. The use of the LMWPP of any of the claims 1 to 8, wherein said LMWPP is niiniplasmin 
obtainable by recombinant production. 

15. The use of the LMWPP of any of the claims 1 to 8, wherein said LMWPP is nricrophamm 
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I6^e<nise of the4J>tVVPB agflgyiaf the nUimH 4 'te^f wherein said LMWPP is stabilised 
microplasiniiL 

17, The use of the LMWPP of any of the claims 1 to 8, wherein said LMWPP is recombinant 
microplasniiiL 

5 1 8, The use, according to any one of the preceding claims, wherein the subject to be treated is 
a maimmal. 

19. The use, according to any one of the preceding claims, wherein the subject to be treated is 
a human. 

20. The use, accordit^ to any one of the preceding claims, wherem the subject is a diabetic 
10 patieot. 

21. Advertising media and material and information media and material having or giving 
infonnation about the hidications and utilities of a LMWPP, preferably microplasraiD, 
described above, espedalty those described in the above qImm, 

22. A method of selling a LMWPP, preferably microplasmin, by giving information of about 
15 the indications and utilities of said LMWPP, preferably micaroplaBxnm, described above, 

espedally those described m the above claims. 

23. Use of a pharmaceuticaDy ^ective composhion for use in a therapeutical treatment of the 
eye of a mammal in need thereof, comprising a pharmaccaitically effective amount of a 
compound wUch is selected from a group of compounds consistixig of xnicroplasmin, an 

20 active derivative of microplasmin, a physiologically tol^ated sah oF the nricroplasmin 
derivative, miniplasm'm, an active derivative of minipksmin and a physiologically tolerated 
salt of the miniplasmin derivative. 

24. Use of a pharmaceuticaDy effective composition for use in a therapeutical treatment of the 
eye of a mammal in need thereof comprising a pharmaceutically eflfective amount of 

25 recombinant stabilised microplasmin or a phamaaceutically efifective amount of recombinant 
stabilised miniplasmui. 

25. Use of a pharmaceutically effective composhion for use in a therapeutical treatment of the 
eye of a mammal in need thereoi^ comprising a pharmaceutically eflfective amount of 
recombinant stalrilised microplasmin or a pharmaceutically effet^ve amount of recombitmt 

30 stabilised immplasmin, wherem said mimplasmm or said microplasmin is stabilised by 
manitol and/or ditric add. 

26. Use of a pharmaceutically ^ective conq>osition for use in a therapeutical treatment of the 
eye of a mammal in need thereof comprising a pharmaceutically efltectwe amount of 
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recoBoWnant stabdised microplasmm or a phaimaceutically effective amount of recombmant 
stabilised miniplasiuiia, wherdn said jDoimplasroiix or said nnccoplasrahx is stabilised by 
manitol and/or dtiic add and lyopfailised. 
27. Use of a phannaceuticany effective compositioii for use in a therapeutical treatmrail of tiie 
S eye of a maimnal in need thereof compriMng a phannaceuticaDy effective amount of 
recombinant stabilised roicroplasmin or a pharmaceutically efifecdve amount of recombinant 
stabiUscd miniplasmin, wherein said miniplasmin or said microplasmin is stabiEsed by 
manitoi and/or citric acid. lyophiUsed and reconstituted by a balanced sah solution suitable 
for ophthalmolo^o treatment. 
10 28. Use of the phannaceuticaUy effective composition of claims 23 to 27 for use in a treatment 
to prevent visual impairment of a subject. 
29. Use of a pharmaceutically effective composition of claims 23 to 27 for use in a treatment 
of an ocular disorder, including but not limited to proliferative diabedc retinopathy, age- 
related macular dcgenerationt amblyopia, retinitis pigmentosa, Ugnous conjunctivitis, 
15 subretinal haemorrhage macular holes, macular exudates, cystoid macular oedema, 
thickeofid hyaloid, retmopathy of prematurity in a subject in need Aereo^ by a method 
comprising administering to said subject a miniplasmin or a microphsmin in an amount 
suffident to prevent, mWbit or remove said pathological eye conditioii or prevent, inhibit or 
remove sequdae of said pathological eye condition. 
20 30. A method for the treatment of an eye disorder in mammals, wherein an effective amount of 
a LMWFP is delivered to the ^e to decrease the viscosity of the vitreous. 

3 1. A method for the treatment of an eye disorder in mammals, wherran an effective amount of 
a IJMWPP is delivered to the eye to induce vitreoretnial dehiscence. 

32. A method for the treatment of an eye disorder in mammals, wherwn an effective amount of 
25 a LMWPP is deUvered to the eye to induce vitreoretinal dehiscence and to decrease the 

viscosity of the vitreous. 

33. The method of daima 30, 31 or 32, whereby said LMWPP is selected from the group of 
compounds comprising a pharmaceutically effective amount of a compound which is 
selected from a group of compounds consisting of microplasmin, an active derivative of 

30 microplasmin, a phyMologically tolerated salt of the microplasmin derivative, miniplasmin, 
an active derivative of miniphismin and a physiologically tolerated salt of the roiniplasniin 
derivative. 
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A Irit flOBlnwinfl m lynphilnml flnrl stabilised imcroplasxngboi foriiK in the metibiod of Qlahns 
30, 31, 32 or 33 coiqprising a container with predctenniaed amount of stabilised UVfWPP. 

35. The Ht of claim 34, wherdn the LMWPP is stabilised by Daanitdi and citric add. 

36. The kit of claim 34, wherdn the LMWPP is stabilised by manitol and citric add and 
tyophilised. 

37. The kit of claim 36, wherein the LMWPP is a microplasrain. 

38 . The Idt of clahn 36, wherem the LMWPP is a mimplasmin. 

39. The kit of claim 36, 37 or 38, furtho- comprising an ophthalmologic acceptable medium to 
reconstitute said lyophilised LMWPP* 

40. The kit of claim 39, wherein said the reconstitution medium is a balanced sah sohitioiL 

41. The kit of any of the claims 34 to 39, further comprising an insert with inform^on on said 
LMWPP and said method of any of the daims 30 to 33. 
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ABSTRACT 

s 

This inventioii relates to a method of treating diseases of the eye or dystunctiows in the eye. It 
also involves enzyme prepattrtiotts for therapeutic administration to the eyes of humans or 
other mammals. Spedfically, this invention is directed to a method and composition which 
invohres stabilised microplasmin (s-micro-Pra) and/or stabilised miniplasmin (s-mieio-Pm) 
10 usefid m the liquefhction of the vitreous, a nonnalSy clear jeMy-lilse substance that fills Ibe eye 
from the iris to the retina, and/or to durinsert the peripheral vitreous from the neurosensory 
retina (phsrinacologlcal vitrectomy). 
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